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TECHNICAL NOTE NO. 283.

CORROSION EMBRITTLEMENT OF DURALUMIN.

11. ACCEL~ATED CORROSION TESTS AND

THE BEHAVIOR OF HIGH–STRENGTH ALUMINUM ALLOYS

OF DIFFERENT COWOSITIONS.

By Henry S. Rawdon.
,“., . .

AS shown

the dur~umin

,,
I. Introduction

● .. .“,“.

in the previo”tis“report,light @uminum alloys of .

typej that’is, wrdught alloys ,whoseproperties

.-—
—.

, can be improved decidedlyby”h.eat treatment,~d which, for this —,. .Z

.

.

reason,& are widel~ “employed“ina~rcra$t construction, at times
--

have sho~ ev”idenceof slack of permanence,and reliability

4
while in use. This “lackof permanence has been shown to be

the direct result of an intercrystalline c~rrosive attack which,

although stsxting’-atthe surface of the material, gives very

little evidence in the changed appearance of the corroded part. .

of the extent of the attaok and the seriousness of the result-

ing impairment of the properties of the material. This form of

deterioration of duralumin is most serious in the case of sheet
. ,,,
material. The tendency toward this change, according to the

observations which have been made, has been exhibited by oril.ya

relatively small amount of the total quantity of sheet dmalumin

which has been put into use. However, such a change, whereby a
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sheet may be converted from a strong ductile material into a

very weal brittle,ohe with no acco”rnpanying.mfik~d change in the

external appearance, is of such an itisiduousnature that, until

reliable i~fo~mationis available’,all ciurfiufiinmust be regard-

ed, more or less, with .susp”i”cion.~.To obtain such information

so that precautionuy measure”s.tio“@”m’dAgainst possible deterio-

ration of this

was necessary.

of this series

type may be taken, a comprehensive investigation
,“.”.:.. .“.

The results of this investigation form the basis

of reports (Reference 1). The work has been car-
,...

ried out at the Bureau of Standards in c~operation w$th the.
. . . .,.. ...,-j .,.:,:., , .... .

National.Advisory Co~ittee “forAeronautics, ~reau of Aeronau-
,,.. ..,, :,.:’,. a

tics of the Navy Department, and Army Air Corps. The leading;,, . , .,. ,..:. ,.. .-...
manufacturers have also participated in the invest~gation by.,,., ,.

furnishing practically all of the materials needed. The inves-.,. ,!

tigation, which was started in the latter part of 1925, is still,.. ,. ,.. ... .
in progress .andfinal and complete answe~s have n~tbeen reac4ed,’

on all points concerning the permanence of duralumin in -service..,,,

The information which has been obtained, however, iS of verY

considerable value to both manufacturers and users of aircraft. . . ..,
and its publication at this time would seem to be warranted al-

though

report
..

possibly some of the statements made in this progreqs
,-. .

way be modified slightly in the light of future ~es~~qt ~~.. ...,

,..
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11. Materials and Method of Test

1. Mat erial

,.. .. . . . .. . . .

Most of the tests which have been carried out in the inves-

tigation of intercrystalline”corrosion -havebeen made upon 14-

gauge sheet furnished by two.manufacturers (referred to below

as A aridB), as representative of their products. The composi- .—

tion of these nateri@s is given””inTable I; although it should.. —-
. .

be mentioned that the ,composit~~on’mayvary &ightly from lot
. ‘.,...

to lot. .“,.
The first lot of ‘materialsupplied by each of the two maiiu-.$..,,,7: .,,..,....,’. ..... ..-..’..

facturers, though representative of the practice regularly fol-

lowed, was prepared especially for this investigation ~d a c~e- .
4

— ful record of the “war~ousstagbs of iimnufacturewas kept and

i furnished with the material. The succeeding lots of

furnished by the manufacturers were tslcen,except in
,, ,’ ,,... .

of material of sp,ecia Cgmpps.%t,igqz.x:!???..lh~..re,lwlw

The behavior of the.ma.terial.of these latez lo.ts.was

matericd. .-

a few cases

stock.

im all essen-

ti~ respects the same as that furnished witha complete ‘lmetsJ_-

lurgical history.’! The:mateti:fisused in.tbe.earlter tests were

representative of annealed, heat-treated, and heat–treded-ud-

cold rolled sheet. In later tests, however, the heat-treated

materiel was used almost exclusi.vely.-

The tensile properties of the materials in the initial.or

uncorroded state are given in Table II.
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TABLE I

.!.

Composition of Aluminum Alloys Used in Corrosion Tests

Elements of
con-position
determinod

Cu

Fe

Mn

m

Si

Cr

Sn’

Ni

Zn

Ca<

Al (cliff.)

W.nufacturer A

Not

II

4.1$

.347$

.51$

.617

● 32$

detected

H

Manufacturer B

399$

~51$

,58$

,607%

.31$

,02$

--

—

—

—.
-

detected —.

94008$ —

V~ariousother alloys, some of them differing rathtirdecid-

edly in composition from those listed

used in different phases of the ?ork.

to later.

above have been also
—— .—

“The9q,will “berefer-red
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TABLE

. . . . . 5

II .

Tensile Properties of lAGauge Sheet Duralumin in

Its Initial or Uncorroded Condition

M&ulu-
facturer I Material

,, “

●

‘4

A

B

A, annealed .

HT,.heq.t-treated “.
(quenched-and-aged)

,.. ...
TR, ‘cold-rolledafte:
heat-tr:eatment :.

,-
A, &nealed

. .
l%T,‘heat-treated

.,,...‘..,
TR, cold-rolled afte:

] h~at.+treatmentI’:

The

consists

Tensile properties* -.
Yieldltpoint
‘(bygraph)

lb./in.~

“:’12,000 : .“

,~,,’. .,,,’

40,000 “
,.”.,,.

63,000

13,000 ‘

3?,000 .
.,’

“.59,000

method

2. Method ..:”’

commo~y used for evaluating
.“

essentially in the .deter-minationof
.,. .,. . . .

Ult. ten.
strength

lb./in.=”

32,500

.

61,000

p2,500

27,500

62,000

Elongation
(2”)

per’:ent

20.0

23

18

2L

7“-.

corrosion teq~s .-,.

the loss of weight.

of the corroded specimen per unit axea of expgs-edsurface for.. ,, —

—

—_
. .. . . . . . ,..

a stated period of time. If desired, this rps~t can be ex- ;
.. .......

pressed in terms of the thiokness of the ~et~ layer removed
.. -.

and thus an estimate can be formed as to the effect of the cor-
,..” . ..,. ,- .

rosive attack on the tensile strength of any given ~ember. :. __....... . ,,
Such a method is &plicahle to corrosion of the first tyye de= ,,
* ., ..,. ,- .:4. .
xEach v~ue g’iveni“s the &erage of thr,eedeterminations.

.
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scribed above.

the structural

,se,condmtho.d$
.

..

It is obviou~, however, from a c,onsideratioaof

nspects of duralumi~ corroded according to the
. . —

that, ,in..such.a.c~se, the.loss-of-weighttdetcrni-- , .,;

.na,tion,yould”,fuynj.kh,n.o”~..cri.tcrionby wh$ch the full.:eff~ct“of ““
. . . .

the cor~osivc:;attackob.thb propdrti.csof the fiatcrialbould be --
‘.. ..... . . . . .-.-. ..-,.... -.

.:,
‘measured..= ‘“”.”‘:

f:- ,-., , -—J—.

Thci zletho~used in the-investigation con~istcd in the corro- -,, ,..
.....

sion of.full-qize tension’b.qx~of the matcrid, the,a.vctcgoprop-
D

.,

erties of which in khe initi,alor;uncorxodcd’state hid alrcndy
.—’”

,;
been detcr~ined. For each test a number of spccinens were u~ed,

indjvidti~ b~.rsbeing renovqd,successively frofilthe te~~ aftCr
—.

,, -..

CLkno’m ;period.of ti”orrosion,andtested in tens-ion. Although,,

this method of carrying out corropj,m tests on full-.sizotension
e
—
-—

bars has previously been dc;cribcd (Reference 2)> its use an.a . >

practic~ ncr~s of corrosion testing does not seem to have been
. . . .. .

follovcd to.any extent.

Figure 2,shows a diagranof the tension

It flightbe inferred fron-the preceding

. —-—

s,pecinenused-
—

YepoTt,that tho

two types of.corrosion in duralmin always occur independently “ “--

of each other,. This is not so, howeve~. .Th5 two nay be nore 02

less rcla.te.dand this is more often tho case in accelerated :

laboratory tests than in the sore llnatur~ltfern of corrosion

such ns occurs during a.tnospheric,cxposure. It ww necessary,
●

therefore, that the structure of the corroded specinens bo exan-

ined in grder to deternine which of the two types of corrosive . *
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attack predominated and to which the observed change in the prop-

erties of the net.al.should be ascribed. ● ““

Occ~.sicnd wetting followed by a period during which”the
-,

netd stif~.cciS permitted to tinyoff is”-mo-recoap~xhbl’eto the - ..
,,, ,,

conditions which obtain “inaircraft service than a continual
.. .

wetting of the surface would be. This “fa~tdetermined, in large

aeasure, the raethodused .in.c~zying.out the corrosion tests.

The.tenston specimens, suppo-rted:hori,~optdl:yo~ e,~e in a sup-

port$~~.frc~.eyer~forncd out of,glase”rod,.were lo~~eredperi~d-,

ioa,llyinto the cor~osive .solution.andthqn.~ithdrawn into the

air. The r.ppaqtqq used is,,s~qlmin ~igu~e .3..:?Yj~eansaf a ,

clock, nith suitably spaced nercw.y.pits througlhwhich .elec~ric- ._,. . .....

al coptact.was aadeby the ninute:,t+and,the motor operat.i~~..~-..,. ,.

the crank ar~s to,whic~ the basket~,c~ntaining the specimens....- -...,....4.- .. . . .---

w~re attaehe~ w~st@arted every 15 n,inutes-anQoper,qtedlong.,

enoug~ to pernit.the lowezing ,gfthe .Speoinens.intiothe so,luti.ofi —

and their Withdrawal into the air. ..,

A few tcstswcre also carried out by

s’pecincnswexe

.. in the forfi.of

suits obtained

. . . . .“..

continuous izxwersim

In the lc.tter,.the,...’

exposed continuously,to the,.~orro.sivesolution ... . .... ... ....

a fog or mist within .a cl.ospd.chq~be.r. ‘The.rc-,,. .,. . ,, -..

were of the .s@e general na~~r~ as those obtained..!., .,

by ,th,erepeated izmersion method,

was necesszcy in orde$ to obtain

the few tests made by the simple

but z+-.longcrexposure,. ..-. .period,,. —

corap~able,results. Likewise..,.. ... .,. ,-
inr,crsionmethod gave results
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,,---

comparable to those by repeated imzlersioribut the nttack was

sonewhr.tslower thantwas the case with the repeated i:.mersion

nethod.

111. Results of Accelerztcd Laboratory Corrosion Tests

of Sheet Duralumin
,..

1. Description of Tests
.

In order that accelerat~d tests nay th~ow any light on the

question of the e~brittlement of duralunin, the following re-

quirements mst be,met: (1) the corrosive attack of the uctol

nust be intercryst@.line.in na.turc,at least in laxge ineasur:;

and (2) thp test uethod ~d specimen mst be such that the

effect of the corrosive attack on the properties ccn be readily

evaluated. The latte,r;requ.irementwas fulfilled by carrying

out the tests on ful&size .ten6ionspecimens as described in the

foregoing.secti.o~. .~norder to fulfill the first requirement,.

however, considerable IIreconna,issance”work was necessary.

Extifiplcsof embrittlenent of Pheet durolumin which had been

reportedto the Bureau of,Stcndard8,!couldin nest cases be associ-

ated with the presence of chlorides either as sodiur.1chloride

in the ~.l~~-ineor se~coa.st atr.~~sphereor as a solution such as

calciw chloride which

ial. c~ciu~ chloride

the Labox”a.toxyjtests.

had accidentally been spilled on the nuter-

solution.was the first one employed in

T.h.eresults obtqined, which are summ~

J .

8

---

.

-.

%

—

-L

--—.
.—

.=

.->.

w—

-

t

—

—

-.

-

rized in Figure 4, sho~edtha.t cqn.~idera~leenbrittlement of
——

.
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sheet duraluain can be produced by corrosion by this solution

and microscopic exazzinationshowed further th~t the corrosive

attack wr.sin large ueasure, of the intercrystal.li.netype (Fig.

5). The rcl?.tiveintensity of the attack of the different ferns

of iaacrsion tests and of the spray test is qlso shown by these

rcfiui.ts.

In Figure 4.and ot~er si@.l,a2jfi=gures,the progress of the
—--

attack is shown best by the :dqcmec,sein elongation (that is,

ductility). The attack,~hasto be quite far advanced, as a rule,

before the tensile strength is lowered-very materially. The .-

shaded blocks are, therefore, the nore significant ones~ ;

In order to obtain chang@:in thetensile properties of the

*
?mgnitudc shown in.Figure 4.,a rather prolonged corrosive att~aok

was necessary, In most cases,* thecor~osjon period was extend-

ed to 40 days. obviously; for ap ~ccelcrated,labor.storytest,

a nuch shorter period than this would be very desirable. It is

well known that the addition of a oxidizing ,~ent to an acid

will accelerate the corrosive attack on most aet~s which are ..—

exposed to the acid. Some atteapts have been nade to utilize -———

this fact in corrosion tests, for example, Wernlund (Reference 3)

~had described the use of a nixture of hydrogen peroxide and ace-- .

tic acid for the testi~~ of zinc coatings, and ldylius(Reference

4), the addition of hydrogen peroxide to a solution of sodium

chloride for deterninin,gthe corrodibility of aluainun. Mylius\

showed thp.tthe.corrosion ra.t:eof aluninun as measured by the
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.. . . .

loss-of-weight

tion than With

t;sts”on sheet

Hethod was much greater 17iththe oxidizing solu-

a plain solution of sodiun chloride. Prelininmy

duralumin with a solution of this “kindsuggest-ei -

the desirability of its use in this investigation since a pro-

nounced enbrittlement could be produced within a few days and

furtheri~oremicroscopic ex~axlinq.tionshowed that the atts,ckwas

largely intercrystalline in its nature (Fig. 1). In Fi=gure6
. .

are sumarized the results of a number of tests in which this
. . .

solution w~”used, the accelerating effect of the oxidizing re- ~

agent bei~g very evident. Further tests showed that a somewhat
,. ●

uilder intercrystdline attack could be produced by a solutio~ “

of hydrogen peroxide alone. Evidently hydrogen peroxide i’snot

unique in its accelerating effect on the corrosion of duralunin
,,

as was shown by’the results obtained by the use of’chlorine w-
. .

ter as en oxidizing “&ent
.

also fou~d to have a very

case the corrosive attack

,.

‘(Fig.7).
.

Potassium persulphate 17as

aarked accelerating effect but in this

●

r

—.

—

.—

.-—

-.

-—

~

—

-x

-.

●

—

f“~

—
—

was so locali~ed that the use of this ““““-- “=

oxidizer was not considered to be practicable

corrosion test,

Other reagents both with and without the

gen peroxide were

and sulphates, as

heat treatuent of.. .
used and film of

. .

the aetal surface

as a laboratory
—

addition of hydro-

used in oorrosion tests; nitrates, cmbonatesy

well as other chlorides, v:eretried.
—

In the

duralunin, fused-nitrate baths are very often ●

the fused salts not infrequeritlypersist on
.. .--

,@ter quenching; hence, the importance of de=-
—
—
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ter;.~iniagviether or not corrosion nay be pror~oted.bythis cause.

Carbonates are often foraed as a result of atmospheric corrosion

and s~lphates are found to a very appreciable extent in sea water...

From the results, whic~ are sun.uarizedin Figure 7,,it will be

seen that of the .variaoussolutions used, chlorides constituted. .

the “onlyclass which actively.accelerated,the corrosion of dura-

luain. The attack was in all cases af.the intercrystalline type..,

A few siaple inuersion tests on ,:thes~e kind.of,netal in SOIW....

tions .of iodides.and bromides (sodiuu and potassiun salts in ~.,.. .,,. . ...

each case) gave results showing that the other halogens behave .,.. .,, . . . ... ....

si~ilarly to chlorides.,.Accordi~ to -the,~aicros.topicstrqcture ..’ ..-. ..-

of the corroded speciaens the three halogen solutions were,placed.. -.
. in the following order w~t.hrespect to the severity,o.fattack:... . ,:-,....”...,. . .

iodides, bro~ides, chlorides, the last,being.the nest severe.* .: ..- .,.-

The statenent has been nade (Reference 5) that dilute sodi-

um chloride solutions me” nore ~evere than nore concentrated

ones; for exszzple,tlk.ta “solutionof S~6-the cond-efitrationof
,,

sea water is more severe in “its”attack th’ansea wat”er. State- ‘“

ments to the”effect”that sodiun chloride is more acti~e than

other chlorides h’avealso been nade. Tests were naciewith sodiun
. .

chloride solutions of the follo~ing concentrations: ipproxinately

11.5, 5.8, and .6 per cent (2N, N,’”’k/lo). “(Sea water has an ‘

.-

average so&iua chloride content of 3’.33per”cent.). The results
,.

(F@o 8) did not indicate any pronounced differences which could
,.

be attributed to the concentration of the solutione. A potassiuu
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1“
., .,” -.. .

chloride solution was found not to differ such in its attack ““

fron a sodiwn chloride solution of the sane concentration. An-’ “

r~onim~chlorid~, however, protiedto be Very corrosive - a sifiple

.—-.

.

—
SOIUtiOn of thi~ chloride beingas”active as on’eof the s~J~e

chloride to which an”oxidize~ had”been added. Since duraluzin
—

in’””servicetiay’”coneincontaot with”a.mmniun cmpounds resulting
.

flon the &cofipo&ition of animil.kasteproducts, “ii was considered
—

advisable toinvestigat-& the possible corrosive effect of SOIU- ~-

tions ‘ofother mtioniurchm~o”u~ds. The results, which exe sur.=-
—.

nsxized in Figur’b8, tn’dicat”edthatonly in case of chlorides,
—

are ~-.n.loniuuconpounds’to be regarded a~ a ‘oauseof severe cor- “
,,

rosive attack. ,. ... ... .

2.: SoifleFactors Affecting the”Acc”eler:ated-CorrosionTests
.

(a)’ Method of Cleaning Specimens

The.results obtained on sheet duraltlaincorroded by means

of the sodiunnchloride-hydrogen peroxide solution m other accel-
—

crated corro-s.iontests are not to be regarded as

tive, that is, in the strict sense of the ~z~ord.

truly quantita-

Considerable

variation in the results for different specimens, even with
,.

those corroded side-by-side in the sane solution was not uncom--..

mon~ The character of the corroded surface would suggest that
‘, ,.. ,. .

this uight be expected? The corroded spe.ci~:ensusually had a “
,. ..

.

.—
—

‘spotty’;Wpearance, that is, the surface was not unifornly cor-

roded fil over but the attack was more intense at certain points .
..

.. .
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.

.

.,. ,. .. .

than at others (Fig. 5). In order to deteraine whether the non-

unifor:lityof the corrosive attack was”relzted to or determined

by the aethod by which the specinens had been cleaned prior to
,.

corrosion, several sets of specinens were cleaned by different
. . . .,

methods and then all were corroded under as ne~ly unifora con-
. .

.,
ditions as possible. The cleaning nethods used included,the

. .
following: rubbing with a cotton swab wet vith alcohol follo?ed. ... ....,.. ...- ... .
by ri~si”n’gwith ether; the sane with caxbon tetrachloride fol-

., ,.
. .. .. . A - . .

lowed by ether; etching with a one-per-cent solution of hydro-,.. :.!,,.
fluoric acid; etching with a one-per-cent solution of sodiw=.. __

. ,... ..;. ..,,- .
hydroxide; etching in a waxm five-p,er-cent.-solut.,i,onof oxalic., .,.

acid; anodic pickling in a warq ,five-per-centsodium-carbonate —,, .,.. .
solution; and scrubbing with fine enery flour wet with Y?at.er.

,,
The results of the tension tests of the corroded bars, which are

given in Figure 9, together with the appe~ance of the corroded.,

surfaces, which did not differ such in their gen.erd nature, in-.
●

dicated that, for an extended corrosion period, the aethod by
,. . .

v?hicht-hespecinen is cleaned prior to corrosion is only a a,inor
..... ,.

factor in deter.niningthe uniformity of the s~rface corrosive

attack.
. .

As will be shown in a later report, however, the initial

character of the surface, particularly with respect to the degree

of polish, aay have an appreciable effect in delaying the corro-
. . .

sive attack. After corrosion has once,started, however, the in-
.. .

fluence of the surface characteristics is eqtirely negligible.
..,. ..
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.
.,

(b) Light”

. . . ..-

In ~ few tests; particularly in sone carried out in nid-

.

,

-

summei, the resistance of sheet duralunin to corrosive attack by

the soditi chloride-hydiogen peroxide solution was unexpectedly
,.

high. In order to show whether the results were dependent in
—

.. . . ....
any way upon”the influence of light, a nmber of specimens,,.,. . .
while bei~ corroded in the usual manner

,...... .....
hy”drogkfipero”xide”solution,were exposed

,., --..-”’”-.’
day ‘to“theligh~ fron a carbon arc laiip.

,.,,,
roded within a light–tight cabinet and a.. .,q, .,.,’ ,,. . .....-
diffused’day~ight. The results (Fig. 9)

.,,

in the sodiuu chloride-
. .,

for several hours each
——

A similar set was cor-

~hird set corroded.in ——..,
showed,that the tensile

.-
properties”of the’specimens corroded in darkness were noticeably

●.

,.
lower then’’thoseexpose”dto”light d~’ring.the corrosion, that is,.. . r-

,.
the corrosive attack of duralunin by this solution is dimln-

,.. ,.
ished by the ‘actionof light. Evidently this is because of the

,’.
decofipositionof the peroxide by the light. This conclusion is

confirned by the results reported by Rackwitz and Schuidt (Ref-

erence 6) in their investigation of the sodium chloride hy@o-

gen peroxide test for aluminun. It is evident, therefore, that., .
for consistent r&sul.tsin corrosion tests with this reagent, ex-

posure to bright light must be gu~ded against-and hydrogen per-
.,

oxide :mst be added frequently to the solution if the test ex-
... .

,..
tends over several days. In the tests yhich were carried out

...—-
with.the sodiun chloride hydrogen peroxide solution, additions of

—.

—

●

-—--
—
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*

the latter were nade every three days’during the duration .ofthe

test. ..’
. .

. . . .,,
(c) Temperature

,,. , .,. ... . --:.. ..

In the test,s,which:yer~,,conducted to deternine to what ex-. . . .

tent co~rosj.on-.ofsheetduralunin”~ay.be i~fluenced by teapera.ture>,, .. .
plain .chlori,de.sQlutio~s,.(,~on~un as well as sodium chloride)

were used since such soIu-~ions,~e ,stable.at..~heelevated temper- —

ature used.;whereas the sg@J.umchloride-hydrogen peroxide SOIW.... .. . . .

tion is no+. ~,~et~sts were,c~ried out at 70°C (158°F.), the. . ...- .—

specimens and.fiol~tjon,be~ng contained vithin a sm~l electyic-,... —

ally heated oven. :The rpsult~,,sho~edthat the rate of attack. —

of a very active.,s.o,lut,~oq~ such as sxmonium chloride, was not,.. ,.

much influenced ‘by~jncrease in temperate. With a less act-. .. ..

ive reagent, such.as sod,iunchloride ,solyti.on,however, the rate

was very ap.preciably,greqte:,~a~t,hjeelevated ~,emperatureused, .—

being approximately

Iv. ,Tests

four .t~me6.~sfast.

. .
.,

of Alloys Differing

. .J -

in Composition -

.Effectof Composition

Laboratory corrosion tests were carried

alloys which differed in their composition fron the typical ‘rdu-

out on”a number of

ralunin compositional(Table 1) with the hope of showing whether

or not the intercrystalline fern of corrosion could be associat-

ed with any one

These naterisls

of the elements ordinarily present in this alloy. —

axe listed in Table III. The first four are
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available co-nmercidly in sheet form, the heat-treatment and

properties of which have been described (Reference 7). Most of

the others were prepared especially for the investigation, sever-

al of ther.1being prepgred by a ,mnufacturerunder commercial con-

ditions. Consideration was slso given to the tensile properties

of the aaterials in,order to obtain information concerning the

possible use of any of these alloys in aircraft construction.

It 17illbe noted that the .ten~ilestrength of the “t}70”alloys

cont~ainingberylliun me so 10W, as compaxed with duralumin, “. . .,

that their use would not be considered at all.’ Their inclusion

in these tests was for another purpose, however.

The s~face appearance of duralunin,:after being corroded

according to the qethod of any of .thepreviously deicribed tos-%s”

often suggested that ,~hepresence..ofcopper inthe alloy ‘was..

related to the behavior of the alloy under such cbrrosive con-

ditions. The adhering white-.oorrosionproduct was frequently

tinged vith red and the r~oreor less isolated corrosion centers

could be as~ociated with a sqd.1 reddish brown spot. This corro-

sion product gave a pronounced test for copper when tested .

chemically.
..

.
. . . .. . .. . . .“

,. A

. . . .

.

.

--—

—

<>

—

.=

—..-
..

.—
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r
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—
,..

—

.

.
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TABLE III. Sheet Alloys Used In Corrosion Tests Which
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TABLZ III (Cent.)
-----------_r---------------------.-.------- _---_.-__-______,

[

---

of Ihtsc?al. Cu
---=--- ------- ----

25S L 2
.. .
51s ‘ .05

..

A-1’ZST ~2.5..
i“

B-17ST 13.7

63Jl””: 3.8
.

~8B : 13.1
~_l “

4.2
..

~_’2 1.3.2”

1:3 4.2

Y 4.1

Al-Be, (A) .05

..

~i-~e,”(~j .05

--_-—.—---- ----

Composition (per cmt) (b)
-;-T.-:-.

:-;+ ~---

.

.38 1.0

.’
.28 .24.,

.36c .22

I..15 “.2-$

.55 I ‘“.21

.20 “.20

.08” .m

.47 .34

.“25 .20

.’09‘.14

.08 .s

.-—-----.

----
fin
----
.68
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..
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—-

:~
---
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n.d
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~.d

n.’”d

n.d
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. .

. ,

.= -

h
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l.d
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L.d

!.d
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---
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l.d

l.d

..

1.TI

l.d

].d

l.d

.

---,
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. m---=-,.- -----= ---—
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t:’tlllb.~sq.in.------___ -
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51ST 29,000
51817,- 37,100..

JJ3,000
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53,200

51,800

58,700

En”,500
..~..

59,900

29,300
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---- -—----------

.1

,, I
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19.0

18.8 .

18.5

. .

16’.0
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. .

Archer and Jeffries (Reference 8) have described two high-
. .

strength aluainum alloys, the development of which was based upon
,.

the assumption that the age-hardening properties of duralunin are

attributable to the presence of two constituents in this na.terial,

one, CuA12 and the other &gaSi. The ~~aterialdesignated as

25S in”T!ableIII is the ’alloy described by Arche~ and Jeffries
,, .... ..

as the one ~~hich””ow-esits superior strength when heat-treated,

principally to the presence of GuA12, and the material, 51s,
.

“to Ilg2si:
,,

Both of-these kat&ials are commercially available

in two heat-treated conditions (designated by T and W). Nuner- --
.-

ous labor:.toiyaccelerated corrGsion tests were carried out on .-

these t~m”i~ate’rial.s(25s tid-51s), the results of Which are
.,.,-,.

sirnaarizc”din l?i~tire‘1O. These results confirn the conclusion.,-.,,,
based tiponthe”re”suitsof’tests “~f durslunin, that chlorides .

.
are by far nuch more corrcsive than any of the other conmon solu-

tions and’that’
. .

ly accel~r”ated

parison of tiie

“the a~”tackof a chloride solution can be decided-
,. -. ,.

by %he-presence cf an-oxidizer. In m.king my ccz-
.

corrodibility of the two naterials, consideration
.,,

must be given to “theheat treatnent. Speciaens fi&ked T were -
,,

subjected to accele~ated aging, ~hat is, in the co~~.ercialheat —
.,

treat~~ent”,after qtien”ching,the fiateri~jwas heated in order to
,,, .

permit the Gtructurdl.change”known as ‘facing!’.which results~n
., .,

the hardetih-~aid’’strengthening o-fthe”~~~.teri~,to occur. In
;,. ,

duraluzlin”this change oce~s at”rooa temperature. AS will be
.

L—

shown in another report,‘alaninmn alloys of the type which respoud

.,
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m.-”. ...

to heat treatr~entare less resistant .to corrosion in those cases -.

in uhich accelerated aging is used thazfi*en age”dat roon te:Qper-

atures. This effect must be given consideration in my comptii-

son mde of the relative corrosion resistance of the naterials
--

25S and 51S. The results’of t’hecorrosion tests (Fig. 10)

show’tlir.tin the @enched “state (W condition) ‘the“copper-be~-
—

ing cil.loyhr.da very .nuclilower resist~ace to chloride corrosion

than the.CG3?Tesp0ndingmc.gne~iu~silicon alloy (51S). The ef-

fect of accelerated aging in both alloys (T condi~ion) &s to

increase~,.~he”irsusceptibility “& corrosive attack. The exanin-w

tion’of the structure of the corroded speciiaensindicated, in

general,..agreasier”intercryst.tilineattack in the copper bearing

alloy (25S) than in the other one (51s). This is illustrr.ted

in FiOgure.ll. .

TTJOother cormercia.1alloys used in the corrosion tests

are those’designated as A 17S and B 17S (Table”III) (Refer-

ence 9).” Both-of.%hese alloys are of very low ashganese co-n--

tent (.02 per.ten%) and A 17S has, in addition, a consider+

—

.-

-.

—
.

—

bly lover copper content than occurs ordinarily in the usual dur-

alumintype,’of alloy: ?!hebehavior of the B 17S when corroded

(Fig. 12) “was not essentially different f“ronthat of the ordinaxy

duralu;~incoinpbsitionunder.the sane conditions. A 17S sho~fed

a higher corroston”fesistance which.,in all probability, can be

attributed.to its lower copper contents. on account of
._

However,

the initially lower tensile properties ~fthis sheet material as ““ .
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duralunin sheet it cc.nnot

21

considered

for rcplcci.ngthe latter except for certain special uses. ~vi-

dently, as shGr?nby the behavior of these t~o aaterials as’cor&
-.

p=ed uith that of materic.1having a nuch higher mmgan.ese con-

tent, the elefientn.sng&ese shculd be regrxded as having no

aarked effect in deteri~iningthe susceptibility of the durslmin

type of clloy to corrosion.
.

The ~a.terialdesi~a~.tedas

cooperating mwmf .acturersunder

. . . . .

63A W?.Sprepared by one.of the _.

com:erci@ conditions with an.iron. . . ..,a-
content ~mch higher than is ordinarily found in this nateri.al.

<
The resuits obtained, when the material was corroded wi,thsodiun

chloride (Fig. 12)~ sug~ested a sonewhat rfiorerapid attack th___ ._
. .

wzs ort.incxilythe case for duralunin with the u,sualiron co,n-
,. ..,’ . .,.
te~t. The behavior of na.terial 12 which had q rela.tivelyvery

● ,. .,

low iron centent, however, did net indicate that
.... ,... .
regp~dcd as cGntri”outingto any very appreciable

susce~tibility to corrosion.

Uatm ial 58B
..

copper ccntent, 301

of one of the other

17asintended as a 10;7-copper
..

iron is to be

—exte,ntto the

dural~in. The
,..

per cent, was not so 10W, however, as that..3
aateri~s, zeferred to above, (A-17ST). In

did not differ essentially fron the t’ypiccl

dural.unincG,u.position. When c,orrodedwith.a c~orid.e solution,~.- . .

it did not show any very decided hiiproveaenti.n
% .- ‘.

ante o~er that of heat-treated duraunin of the
! .. . .,

In the pre~~ation of aaterjal 12, which... . . ,,

..

corrosion re..

usual Compos

.sist--

ition.

was,done under
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— . :—

cor’merciolconditions by one of “thecooper~tin~ zwaufacturers,

alu:-linu~zof very nuch higher purity than is ordinarily used for

this purpose r[aseqloyed. The s2.1oY,as a result, had a relc~

tively very low iron content and also a “siliconcontent ~i~chbe-

low that ordinarily found in durelunin. liaterisl 11 was sub.-

uitted by the sane “manufactureras representative of an alloy

which seeaed to ha~e shown soue pro~~iBein their tests of having

corrosion-resisting properties superior .tothose of the usual .—

grade of durhltiin, In pieparing th~s anterid, “consideration

wa”sgiven the two inpuri”ties,””“i~on”and s’ilicon. The iron content

was cofisiderablylower th”&n“isordinarily the case with duralu-

nin and the silic”onwas also lower than is tiiecas”ein nest dura-
-.

lufiin(Table III, alloy l=).
,

The results of the laboratory cor-

rosion tests “didnot indicate any pronounced ‘superiorcorrosion .“.-

resistmce of this naterial over the ordinary dural.unincoapos~-

tion, prcvided all Jiadreceived’essentially the sw~e heat trea.t-
—.—

iaent. In carrying out the corrosion’tests on these two mater-

ials,. Iz and 12, a third one, designated as 13 in Table III,
..

was used throughout”for coZpa.rison~-This 17as‘enalloy of the

ordi”n-axydi.&Q@min con-position (17S) furnished by the manufac-

turer along with the other two. ‘..,.. .

The :naterialdesignated as ‘[Yalloyfr’(Table 111) has been

“described by Rosenhain (Reference 10) and, in addition to con--

‘ taining the ‘alloying

equal to those’found

.
elenents present in ~ural.umin,in anounts —

in du:raluhin,contains nearly 2 per c“bntof . .
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nickel. This :mterial was found to.be very susceptible to inter-

crystalline corrosion when corroded ir.a chloride solution. How-

ever, since accelerated aging is necessary for developing the... .,.- .
highest tensile properties-of ~his,,alloyby heat treatuent, it

is probable that the susceptibility to attack is to be attributed
..

to this rather than.to the presence.of nickel.

The two alloys ,A1-Be{A) ~,d A1-3e(B) wer~.prepared at
. . ..

the Bureau of St~ndar,dsfor the investigation, copper being o~it-
. ..... . ,, .

ted fron the alloys and berylliua used .~san alloying element., ,,. ,,.
along the lines described-by Kroll (Reference 11). In one case.,... ..
(A), Kroll~s sugges.tipnthat.in.such w,.alloy a coapound of be-

rylliua and nsgnesiuzz~ig~t be foraed which :.lightact as the,,, ,,.

hardening consti~ue~t izz.heattreatgent ad in the other (B)
.. .-. ,. .4-

Corsonts (Reference.1.2),sugg~stion.of ,the.fornationof a coa-
,“ ,.

—

—

pound of @erylliun and silicon were the bas~$,for the compo”si-.,. . . .....
tions chosen. The tensile prope:+ies of b~th of these materials

.“
in the heat-treated sheet fern were found tobe very nuch infer-,.,.. ---
ior “to those of duralumin ~d, hence,.their use as,a substitute,. .. . .. .,
for duralunin is not practicable. Their behaviox under corro-

.. .
sion conditions is of interest,however,, TQe.chsnge in the ten-

,. ,“.,.,
sile properties was very considerably less th~ in dural.uninun-. . ., . ... . ..

der corresponding c.onditions.,gndno e,yidence,whatsoever, of
.,..

any intercrystqlli~e attack was shown by,either after being cor-,,,. . . . ,,.
roded. ., .,..

A nethod for the iuprovenent of aluminwy alloy castings,
.. .... . ,..
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., —.

particulczly by rendering them 16ss porous, has been favorably
—

reported upon (Reference 13), as “aresult of an,inves~iga.tion

carried out at tfieNational Physical Laboratory. Essentially

the ~~ethodconsists in allowing the temperature of the furnace .. =-

holding the molten netal to drop slowly so

just to freeze, tlnisex~]ellingmost of the

which i-t ‘frightcontain.’ The “netal.Is ~he’n

proper temperature aad pom”ed in the usual

A smil.1heat of dtial-irainprepaxed at

as to pernit the Metal

Ifdissolvedgases”

heated up to the”’

manner.

the Bureau of !3tccad- —

a.z!ds,a portion of’which”hati’beeri’tretitedaccording to this

method and the renainder of.which was-poured into ingot for~
—-.

without any special treatment”,was rolled into sheet form for
*

corrosion tests. As shov’niin Figure 12, both lots of na.terial.s
—

.
behaved essentially the saiie;the ‘rdegasifying!ttreathent did ,

not see:lto have any influence so fax “asthe corrodibility‘of

the resulting sheet was concerned.

... The generzd.conclusion concerning the effect of composition —

upon the corrosion of duralumin is that-,of the various elements .-

present, copper is most clo$el.jrelated to the susceptibility of

‘this naterial to interclystalline corrosicn. No clear and def-

inite relation between the other elements which nay be present
—

and the corrodibility of the material could be shown to exist
“-

by the results of the corrosion tests. As will be shown in an-

other repozt,

of relatively

.

however, the composition of durd.umin is a faotor

Qinor importance, providing that the heat treat--
.

.



.

.

I?.A.C.A, Technicsl Note No. 283 25

ment of the matjeriaJhas been carried out in a suitable manner.

Some of the very low-copp~.qnateria.ls,for ex~.~le !51S, showed

fiter severe corrosion so~{ evidence of intercryst~~line attack,

a fact ~ich supptirtsthe conclusion tba.tthe sinp.Lepresence of .—

copper in dur~umin is ctita complete ~d satisfactory explana-...,.

tion of the intercrystalline ty--eof corr~~sionof this material.
..:,.- ---

Sheet alufiifiu”n~i%he~ of very hiGh purity or of .ordin@y -

commerccia gza.de,:Lslm-~.-e-a~jec.tto .iniercrystallinecorrosion.

The disintegrat~on.of tiLI:.q~pG!T! s~eet,:byinterc-ystalline corro-.

sion observed:,a.num-~ero~:years ago..hy,foreign,r-etdlmgists,

for ~,~~wle, ... -. ..Le!Ma.telier(Preference1A), ,canbe ascribed to the

made.at.that time. A

a2uwinm alloy reported

is .ofdecided interest .-—

in connection with the,te-st,s -reportedabove. Wire screens which. . —

had been used fo,?..Fever~.ye,xq for SUpporting thin slabs of

gelatine, .nhichwas said to be fr,ee,”.f,rcnall chemicals except

small quantitie,s.of hydrogen peroxide, in .sonecases showed.- ,,

compl~te intercryst.~line.disintegr~tio.n,Tihereasother.screens.. .

were in.good condition ~“ter the sarvelength of service. The

deteriorated wize was.found to :hav.ea..composition as follows: ..

. Silicon 0033 per cent
Iron 0.30 n

.

.

Copper” 2e65 -.:’
Aluninum:by differen~e,

96.72 per cent
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The con~~ositionof the wire which

Silicon
Iron
Copper
Aluninuiiby

—
showed no disintegration was:

0.24 per cent
0.22 If
0.07 1!
difference,

99.47 per cent

The reason for the deterioration is appaxent.

v. Microstructur52 Aspects of CorrGded

In structure, the alloys of the dux.nlunin

Duralunin

type consist of

~’reactively soft c,luninun--richiaatrix throughout which are di=-

se?n”inatcda host of particles of the harder constituents which

result frca the presence of the alloying eleiaents, copper,

magnesiuu, iron, etc. Essentially, these constituents in dur~

lunin cue of three kinis, one resulting frorlthe combination of

copper and aluninun, Cu.l.la, another, l&=Si, SJKIa.third,

the exact composition of uhich has not been fully determined,

is an iron coapound which is soneti;~esassociated with free sili-

con. Since iion is present in the alloy as”aiiinpur’ityand so

far as &s known ser”vesno very useful purpose in attaining the-

chc.r~cta’isticproperties of duralunin,“this constituent naY

be regarded as a sore or less incidental

ing of the T%rious constituents froa one

done in specinens of the cast :mterial:

the different consliituentswhich, in t“hc

one. The disting,gish~

another is most readily

The identification of

cast ~~oy, qre associ-

ated to~cther ad form a

best done at rather high

supporting or llskeletontt network is

magnification and depends upon the

,

—

—

—
—

—
—-L

r

—
—
. .

—

—

—

—

.-

._

—

—

.-

.

.
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appearance of the different ones in the unetched state and their

response to v~xious etching treatments. These constituents are

depicted i,nFigure 13. .

As a result of the severe mechanical.deformation which is

necess~-y in order to put the material into sheet form, together .—

with the accompanying snnealings, the structural appearance’is -.

completely changed from that of the cast metal. The copper-

bearing ~d the iron-be~~ing constituents which occur in much

sm.ller md nore rounded particles are found distributed through- .

out the recrystallized natrix in a rather haphazard manner, the

only scnblance of order being a somewhat streaked arrangement

which coincides with the direction of rolling ~d is determined

. by it. The rmgnesium silioide constituent cannot be identified

with “certainty in sheet dura.hnnin.. Figure 14 illustrates the

characteristic appearance of sheet material of the dural.umin

‘ type of alloy.

il great m.ny observations have been nade to

er the intercrystall.linetype ‘of corrosion attack

determine wheth-

can be associ-

ated vith and, hence, attributed to, some special or unusual
.

structural feature such as, for example, films of oneor more of .

the alloY constituents which might envelop the grains. “In a fewt

cases a

sistent
.

talline”

. found,

~ggestion of this h~”been noted.~t @equate ad cow

evidence of this in materials which develop intercrys-

corrosion under favorable conditions has not yet been

It appears therefore that:this type of corrosion is to be
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attributed prim~ily to some structural feature or condition

wlnichis not revealed by ordinary microscopic.exaiiination~

VI. Other Tests of Corroded Sheet Duralunin

1. Electrical Resistivity

The desirability of a meth-odof ex-tiinationwhich might

.-.

—

—

used to show the ‘progressof

Quralunin structure without,

in any way is very evident.

—
any corrosive attack of a built-up”

ha owever, cutting or disturbing it

The determination of the change of

electric~alresistivity accompanying corrosion of the intercry~

tdline type suggests itself as a possibility along this lineq —

The results of a number of determinations of this kind (Reference

16) on specimens,

Winds determined,

will be seen from

the tensile properties of which were after- “ “ ~

are sunmtiized graphically in Figure 15. It . .—

these results that although intercrystdline

corrosion, as induced by accelerated corrosion in’the laboratory,

resulted in an increase in electrical resistance bf the fiaterial,

the aoconpanying decrease in the tensile properties, especially

in the elongation, was of a nuch higher maaitude. Thus in the

most severely embrittled specimen, a.decrease in elongation of

approximately 80 per cent was accompanied by an increase in

electrical resistance of only about 6 per cent, the variation

in the resistance of the uncorroded bars-being of the order of
.

2.5 per cent. The determination of electrical resistivity does

not appear to be very useful, therefore,:as an inspection-test .
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degree of accuracy the extent of inter-

cyrstalline corrosion and the resulti~~ deterioration of the .—

material in its tensile properties. .
,.

2.X-Ray Determination of Crystal Structure

Clarkls statement (Reference 17) that l!Duraluminsamples

which show maximum tendency to intercrystalline corrosion, a

phenomenon of possible importance in light of,,thedisaster of-.

the Sh&andoah whose frame was duralumin, invariably are distin-

guished.from their X-ray patterns by greater internal strain

and by a recrystallization or S1OW aging Process under strain’’...._.._

suggests that examination”by the X-ray method ought to yield

very useful and helpful results in the study of the corrosion

of sheet duralumin.” Differences, such as were referred to by . “

Clark, in the X-ray patterns of sheet duralumin as determined

by the ‘[pinhole~lmethod (Laue method) of X-ray ex=ination are .

depicted in Fi&ure 16, ~b? being t~e pattern which has been

said to result from the intercrystalline embrittled condition.

A very considerable number of specimens of sheet duralumin

. representative of material which had been used in service, ma-

terial attacked in an intercrystalline manner by accelerated

corrosion methods in the laboratory, as well as sheet which .

after a known-period of exposure to the weather showed inter-

. crystalline attack, together withuncorroded specimens which

had been heat-treated in such a manner as to render some very
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resistant to intercrystalline corrosive attack and others very

susceptible to it (as proved in each case by both laboratory

and exposuxe tests) were examined by the X-ray method. The re-

sults, which will be described in greater detail in ,another —

publicc.tion,will only be summarized here. In brief, these —

results do not :support Cla.rkls general conclusion that”duralumin —

sheet which is especially susceptible to intercyrstalline,corro-

sion c= inv~iably be distinguished by its X-ray pattern.

Of 18 specimens representative of sheet duralumin ~7hich ._ _ .

had been used in aircraft construction and of which 8 showed a

distinct X-ray pattern sinilar to that of Figure 16,b only

one was found to have undergone intercr.ystcllinecorrosion as”-—

shown by an examination of the microstructure. Specimens of

heat-treated sheet duralumin’which had been corroded in the * —.

laboratory and had shown distinct evidence of an intercrystal.-

line attack showed no marked resemblance in their X-ray pattern

to.Figure 16~b whereas heat-treated’sheet duralumin which had

been cold-rolled prior to corrosion, did to some extent. Sheet

material which in heat treating it, had been quenched in hot

water could not inv~-iably be distinguls~hedby the X-ray pat-

tern from similar material which had been quenched in cold

water, although, as will be shown in another report, sheet durq-

lumin heat-treated in these two ways differ very decidedly in .

their susceptibility toward intercrystslline corrosion. X-ray

exaiiinationof duralumin including some large crystals of dura-
.
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lumin which had been deformed by cold rolling gave results which _
. .

supported Claxk~s conclusion to the extent of showing that the.... . .
unusual type,of X-ray pattern of these materials is related to...
the ‘lgreaterinternal strain~fof such material. Although SUCh

.
a condition of internel stress in dmalumin may be regarded as

‘. ... ..-.

a favorable one for the,occurrence of intercrystalline corrosion>. .

it is very far from being an established fact that this is the .

fundamental.cause of this phenomenon. The X-ray method of exam-
..

ination is therefore limited in its applicability an,dshould be
,*
regarded as a useful neans for demonstrating the existence of

internal stresses, a condition which may help to make duralumin

somewhat sore susceptibletoward intercrystalline corrosion

rather than show@g what the fundamental condit~on for this ‘De-

havior really ~s.
,..

VII. General Value of Corrosion Tests

Accelerated laboratory corrosion testingnethods in gen-

eral.are valuable for-what they indicate rather than for what

they prove. Such accelerated tests ate, however, intended to

reproduce the essential conditions.which contri~te toward”the

service behavior”of the nateria’ and, hence> to give an indi~+ ._

‘tion of the probable behavior”in service of the material. The

above-described tests of sheet durslumin.a.r’eto be regarded:in

this-light,’that is,~.flpilot t’estsfl“indicatingthe probable

behavior of the material-in service. Tests of the same nateri-

.
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als under conditions more perfectly comparable with service cow . ~

ditions, that is, for this material, weather-exposure tests, are

necessa.xy”asa supplement either, to confirm Or possibly to-refute

the conclusions which the laboratory tests seem to waxrant., Ex-

tensive weather-exposure tests are now under yay and will be d~

scribed later as the results become available-

The Question whether either static strees or repeated stress

acting simultaneously with “corrosion nay not accelerate the rate “--

of attack is also being studied. and will be reported on later.:

.

VIII. Summary

1. This report is concerned with the ~evinaneace,with re-
.

spect to corrosimi, of light aluminum alloy sheets of the dur~ —

lu.aintype, that is, heat-treatable alloys containing CU, Mg, .

Mn, and S1,

2. The corrosion of aluminum alloys of the duralumin type>

may manifest itself in two different ways. In one of these, the

attack is a surface one only and, being usually nonuniform in its

distribution, results in a.roughening (pitting) of the surface.

This is analogous to the faiiiliaxru~ting of iron., In the other,

the cor~osive attack is not restricted to the surface of the n~

terial but penetrat~ into the body of the metal, the path-by

which it progresses inw=dly being .anintercrystalline one.
.

—

.
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3. By corrosion, the tensile load necessary to break a

specimen is, in

effective cross

After corrosion

general, reduced to the same extent that the

section is reduced by the corrosive attack.

of duralunin according to the first type, the.

change in cross-sectional dimensions can usually be readily d-

ter~ined. After qn attack,of the,second,$we, k+o~e~er,esp@-

al.lyin sheet naterial, the effective cross sectioh nay be only

a small fraction of the initial value and the breaking load may

“be correspondingly low, although the ext~rnai.appearance-gives

no true indicatioriof such a pronou~.cedch&nge. The elongation ._

(ductility) of ‘the sheet naterial.iS usually reduced by inter-

crystalline corrosion to a greater degree than is the ultimate .-.—

%ensile strength; this being ascribed to the ‘notch effect’fof .~_
~

the deeply penetrating corrosion fissures.” ‘
. .

.

4,- In the determination of the effect of intercrystalline

corrosion on the tensile properties ~f sheet.duralumiri, it @
. . .

essential that the tests be c~ried out on full-size tension

specinens. Little, if any, useful information in such a case,

would be gained fron the ordinary loss-of-weight corrosion ,tests.
..

The change in the tensile properties forms a dependable criterion

of the aagnitude of ths corrosive attack. .

. .

5. Laboratory corrosion tests were carried out by the in-

termittent repeated imnersion ncthod, t~c spcciqens being moacn-

tarily dipped into the corrosive solution once every 15 minutes
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and then withdrawn and allowed to dry off in the air. Such a

methad was thought to be izorerepresentative of conditions ok _ _ —

taining in aircraft sexvice than a continuous inaersion would

be. It was found to give significant results in a considerably .—

shorter tine than the ‘spraylltest ddes. Microscopic examina-

tion of corroded specimens was made to deternine the nature of

character of the attack.

6. An intercrystalline attack was induced in sheet duralu-

min by corroding speciaens in this manner in a chloride solutian,

(calciuz or sodium chloride). The addition of an oxidizing

agent, such as hydrogen peroxide, was found to accelerate the.

corrosive attack very materially. Other halogen solutions (bro- .

mides zmd iodides)

solution though at
b

solution was found

were found to behave sinil~ly to a chloride
.

a somewhat slower rate. Anmonium chloride

to be very active even without the addition

of any oxidizer. Other cozr.onsolutions, nitrates, sulphates,

and carbonates,“even with an oxidizer present were’found to have --

no appreciable corrosive effect on duralwainsnd to cause no —

. intercrysti!.line attack, whatsoever.

~. Of the various alloying elements in
●

those such as iron, which are present as inpurities.rather tham

duralumin includiq.g ,

intentional additions, copper appeazs to

ated ~~iththe propensity of the nate’rial

be Kost closely associ- .

tow~xd intercrystalline

corrosion. Other factors, however, especially the metho~ of .
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heat treatment me of decided importance in determining

. .

the

35

be-

havior of the material \7ithiespect.to corrosion. Under so”me

circunstonces, sone a.lloyfi-”ofvery low copper content

to corrode in an i.ntercrystallinemcnner. The attack

cases, however, was .lesssev.erethcw.that Of:an alloy

copper content. ,“.,,.-........ ,., :.- ,..,.,...,,.... ,,...
.,.. ,,.. ..... ,.’. .,

were found

in such

of higher

8. The specinens subjected to accelerated corrosion tests,... .. .. ... .. ,.,. .. . . . ,:.;. . .
in the laboratory always showed a rloreor less llSpottY’laPPe~- _

●
. ,,... .,, ,.. ...... .~,. ..... ..“. . ...... ,.. ,

ante after corrosion~ The intercrystalline attack,was most se-. .. . . ... . ... .,” .“”
verc under the lfspotsl~or surface accumulations of corrosion,,. . ....
products. The ~ethod-by which the s~ecir~e~s“~~ereclezcaedprior,, :, ... .“

.

●

✎

to corrosion doe,snot appear to be the deciding factor in causing
,.,.,,. .,,:.. ..,’..,.,.,,,... ,’ .;.

this nonuniform corrosion attack.
—..

., .. ,., .-.. ,. ...,. .. ,-

9. Accelerated”cdrro>si6n:te.sts:mzid~a,t:-~elevated tei~per-

ature in which ‘av~y active SO~ut,iGn’”.”Wa~~S,edjdid not differ

in their results from tests made at roon temperature. .With more

mildly acting solutions, however, the corrosion rate WaS in-
. .

creased approximately fourfold by &sin”&“a“~i~er’atu’reof ~O°C.
,. ,,. . .,.:. .,

10. In structure; aluminum alloys.,of,the .durclunintype con-

sist of a relatively soft al,-tininu-r.igh,qatr+x;.throughout .T~hiqh

are disseminated the paxticles of the harder constituents result-
,, ,. .,.. . ... . .

incg froa the presence of the alloying eleuents. The ‘deformation
. .

which the m.teridl-into sheet
,,.

necessary for putting
.. ., ..: ‘.. . . .

. . . . ..- ,;.

form re-
. ..

,.
4
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the fragmentation and redistribution .ofthese particles

of the alloying constituents. The intermediate annealing dur-

ing the working of the materiel, together with the final heat

treatment of the sheet changes the form and size of the pmticles,

p,articulcwlyof certain compounds, as they are dissolved in solid

solution in the matrix. No regularity exists in the distribution

of the particles of the harder constituents throughout the micro-

structure sheet, other than a streakiness resulting from-the roll-

ing which varies in degree in vaiGus portions of the cross seq-

tion of a sheet and from sheet to sheet. NO distinct evidence

of a structural condition at the grain bound~ies which would

definitely account for the intercrystolline coxrosive attack has

yet been found in the microstructure of duralumin sheet. SOne

“slightevidence of (2uA at the grain boundaries in filn-like

form as seen at rather high magnification has been noticed but

the evidence is so fragmentary that no general conclusion is

warranted..

.
<

.

.

.
.

11, Electrical resistance ~easurencnts nade on specinens -..

after progressively increasing amounts of corrosion have not — —

given results which would warra.ntthe use of this method as a

“non-destructiveltinspection nethod~

12● X-ray examinations by the l~pinholei~(Laue) nethod do

not afford a sure mess for distinguishing sheet duralumin which .

is very susceptible to intercrystalline corrosion from that
.-_.

which is not. .
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Figs. 4 & 6

Fig,4
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rig. 5 Struoh.ue of heat treated sheet duralmmln corroded by “ticim Ohloride
solution, @ days by intermittent imersiono

a, Mace appeemume of corroded bars, x2, AandB material (Tabla II).

b, Micrcmtmcture (unetchad), x 260 ofB material under one of the comoslon area8.

c, S&me for Arterial; apparently in this case pitting haekept.paoefithw interorystallirie attack
Whioh took place.
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Fi&. 11 ““fifed of corrosionon the structwe of the mterial of
Figure 10. The attack after 6 days corrosion i~?KaCl+

H20 was intercrystalline in character Tlliswasvery
muck more pron~ced in the alloy (25S)containi~cop-
per (a)thanin theother(51S)(b)x250, unetched. I
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hb.!; ~ , Ssm, x 1000. The enuall dots
,.:
\+

axe undoubtedly the W2Si

constituent.,

i

j= , Same, x 1500, Etched by ‘nitric
said quench”. The dark oolored

,’ constituent is OuA12, the other
ia the condax iron con6titu0nt.

J&j. M Microstructure of duralumin in -at state. (A, Yable 1). The constituents are mm redW

recognized in this condition tti after the nderial hae been rolled.
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—n and related sheetalloysheetbefore
‘E~~ttreated sheet duraltin (A, Table I).
TT7} c, Eieattreated dure.1.tin (1-l,Table 11
, .p~, x250. d, Heat treated alloy sheet;25
rrosion; x 1000. e, Sheet dmralumin corroded

.. . . ..al the grain boundaries, x 250- f, Ssnle,XIC

No struc%urdfeatwes serving to direct
the course of the corrosive attaokme~


